Abstract. Health Economists have long concerned about the economic consequence of epidemics. We applied the Vector Auto-Regression model together with the Granger causality tests and impulse-response analyses to provide precautionary information in terms of the propagation mechanism of an unexpected outbreak of the H7N9 Avian Influenza across a period of time to investigate the effect of the H7N9 Avian Influenza on the tourism industry in China. Our results suggested that the economic consequence of the H7N9 Avian influenza in Chinese tourism industry may be minor in terms of a short impacting period after an unexpected H7N9 Avian Influenza outbreak.
Introduction
Health Economists have long concerned about the economic consequence of epidemics. For example, Folland et al described the economic consequence of Auto-Immune Deficiency Syndrome (hereafter, AIDS) epidemics in the Africa [1] . They reported a decrease of 6.6 years of life expectancy in South Africa. The loss of life expectancy implies a permanent decrease in labor inputs, and in turn, worsens the economic conditions in the South Africa. In addition, Gersovitz stressed the importance of infectious disease externalities [2] , and Pitman provides a guideline to model the transmission of infectious diseases [3] . In a recent study, Chen et al evaluated the effect of the Severe Acute Respiratory Syndrome epidemic on the long-run relationship between China and four Asian stock markets (Hong Kong, Taiwan, Singapore, and Japan) [4] . They provided the evidence that SARS epidemic did weaken the long-run relationship between China and the four markets. Therefore, stockholders and policy makers should be concerned about the influence of catastrophic epidemic diseases on the integration of market prices.
Following this line of research, we specifically focused on the effect of the H7N9 Avian influenza on the tourism industry in China. The selection of Chinses tourism industry as our target of study because Chinese economy has gained its influence on world economy and there are approximately 10% of Chinese GDP contributed by the tourism industry [5] . In this study, the Vector Auto-Regression (VAR, hereafter) model together with the Granger causality tests and the impulse-response analyses were implemented to evaluate the impact of the H7N9 Avian influenza on the output of tourism industry in China. The results generated from this study can serve as an important reference for the economic consequence of the H7N9 Avian influenza.
Methods and Data
The purpose of this study is to evaluate the effect of the H7N9 Avian influenza on the tourism industry in China. To this end, we collected three variables that are relevant for our study. The first variable is the infected cases of the H7N9 Avian influenza reported from the Department of Health and Center of Diseases Control in China. The second and the third variables are number of foreign tourists who visit China for the purpose of tourism, and the revenues of tourism contributed by foreign tourists, respectively. Our study period is outbreak period of the H7N9 Avian influenza spanned from January, 2013 to December, 2015. There are 36 monthly observations in this study.
Since time series data were used in this study, there are three steps in our empirical procedure. First, we first test the unit root property of our time series data via the ADF unit root test. If the null hypothesis of the unit root property of our time series data were rejected, then the Vector Auto-Regressive model proposed by Sims [6] were used to evaluate the causal relationship among infected cases of the H7N9 Avian influenza, number of tourists, and revenues of foreign tourists. The causal relationship was tested by the Granger Causality tests. The final step of our empirical procedure is to estimate the impulse-response functions that could further evaluate the magnitude of the impact of the H7N9 Avian influenza on the output of tourism industry in China.
Results and Discussions
Descriptive statistics Table 1 present the descriptive statistics of three variables used in this study. In order to better present the data, we draw the time plots of three variables in Figure 1 . As indicated in Figure 1 , the peaks of the infected cases of the H7N9 Avian influenza occurred in the first quarter, during the season when the influenza is most likely to appear in our three observed years. These peaks of the infected cases of the H7N9 Avian influenza correspond to three low levels of number of foreign tourists who visit China for the purpose of tourism and the revenues of tourism contributed by foreign tourists. It seems that the negative relationship between infected cases of the H7N9 Avian influenza and tourism outputs (including number of visitors and revenues). I  II  III  IV  I  II  III  IV  I  II  III  IV   2013 I  II  III  IV  I  II  III  IV  I  II  III  IV   2013  2014 
Unit root tests
Although the negative correlation between infected cases of the H7N9 Avian influenza and tourism outputs (including number of visitors and revenues) has been suggested in the time plots of Figure 1 , it is important that this correlation may be spurious due to the unit root property of time series data. In order to know whether our time series data have the unit root property or they are stationary in nature, we performed the ADF unit root tests and these results are displayed in Table 2 . As indicated in Table  2 , all unit root tests reject the null hypothesis of unit root but in favor of the alternative hypothesis of stationary series. *" and "**" represent 5% and 1% significance levels, respectively. *" and "**" represent 5% and 1% significance levels, respectively.
VAR analyses
Since all three variables are stationary time series, we apply the VAR model proposed by Sims (1980) to evaluate the causal relationship between infected cases of the H7N9 Avian influenza and tourism outputs (including number of visitors and revenues). Table 3 provides the results of the VAR estimation. We found that the infected cases of the H7N9 Avian influenza and tourism outputs (including number of visitors and revenues at the previous period have significant impacts on the tourism outputs (including number of visitors and revenues) at the current period. The infected cases of the H7N9 Avian influenza and including number of visitors at previous period have significant effects on the infected cases of the H7N9 Avian influenza at the current period, but there is no significant relationship between the infected cases of the H7N9 Avian influenza at the current period and revenues of tourism contributed by foreign tourists at previous period. These results suggested that there may exist the bi-directional causality between two tourism outputs (including number of visitors and revenues) and between infected cases of the H7N9 Avian influenza and number of visitors but unidirectional causality between infected cases of the H7N9 Avian influenza and revenues of tourism contributed by foreign tourists. To confirm our arguments, we displayed the results of the Granger Causality Tests in Table 4 .
Impulse-response analyses
In order to present the propagation mechanism of an unexpected outbreak of the H7N9 Avian influenza across a period of time, we displayed the impulse-response analyses (based on 1 SD change in the infected cases of the H7N9 Avian influenza) running from infected cases of the H7N9 Avian influenza to tourism outputs (including number of visitors and revenues) in Figure 2 . As we expected, the H7N9 Avian influenza has significant impacts on both number of foreign tourists and revenues of tourism contributed by foreign tourists. However, the impact period of the H7N9 Avian influenza on two tourism outputs (including number of visitors and revenues) is quite short. It lasts about 2 months. Our results suggested that the economic consequence of the H7N9 Avian influenza in Chinese tourism industry may be minor in terms of a short impacting period after an unexpected epidemic outbreak. 
Summary
The purpose of this study is to investigate the effect of the H7N9 Avian Influenza on the tourism Industry in China. To this end, we applied the VAR model together with the Granger causality tests and impulse-response analyses to provide precautionary information in terms of the propagation mechanism of an unexpected outbreak of the H7N9 Avian Influenza across a period of time. Our results suggested that the economic consequence of the H7N9 Avian influenza in Chinese tourism industry may be minor in terms of a short impacting period after an unexpected H7N9 Avian Influenza outbreak.
